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PREFACE 


Tho  present  i.ivcstigation  wos  conducted  in  the  Plasticn  Engincorina 
Department  of  tho  University  of  Lowell  from  October  1,  1987  to  Soptcr-Jber  30, 
1988  under  Work  Unit  No.  1L162786D283AH002,  Analysis  of  Perforrvince  of 
Kultiplo  Airbag  Platform  System.  Tho  investigation  was  Hr.  H.H.  Tcenj’;. 
research  thesis  for  his  Hasrer's  of  EnRlncorinf;  Dcf.vce. 

Airbags  are  being  considered  by  the  U.S.  Army  as  on  alternative  to  paper 
honeycomb  currently  used  for  soft  landing  of  airdropped  payloads.  This  report 
sutr.Tiarir.es  some  of  tho  work  being  conducted  to  achieve  this  goal. 
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EXPERIMENTAL  EVALUATION  OF  PLASTIC  FILMS 
FOR  USE  AS  AIRBAG  VENT'  BLOWOUT  PATCHES 


Introduction 


Tho  stcody  doscont  volocity  of  a  payload  airdropped  by  U.S.  Army 
parachutes  (Fig.l)  is  about  28  ft/s.  During  ground  impact  at  this  velocity# 
on  energy  absorber  is  needed  to  dissipate  some  of  the  impact  energy  and  to 
provide  structural  protection  for  the  payload.  The  U.  S.  Army  currently  uses 
paper  honeycomb  as  tho  energy  absorber.  Strategic  positioning  of  paper 
honeyco.i\b  between  tho  payload#  such  as  a  vehicle#  and  the  platform  (Fig.  2)  is 
a  time  consuming  and  labor  intensive  process.  Airbags  are  presently  being 
investigated  by  the  U.S.  Army  as  an  alternative  impact  energy  absorber  for 
airdrop. 

1  O  *5  /I 

Numerous  studies  have  been  conducted  on  airbags.  •  •  •  •  airbag#  in 
its  simplest  form#  is  a  fabric  enclosure  with  a  fixed  vent  opening.  When  it 
is  attached  to  the  underside  of  an  airdrop  platform  ond  is  compressed  at 
ground  impact#  its  air  pressure  increases  and  air  is  vented  through  the  fixed 
vent  opening.  The  high  pressure  air  decelerates  the  payload  by  transmitting  a 
retarding  force  against  the  platform.  One  major  problem  of  such  o  simple 
airbag  is  its  tall  height  (generally  >4')  that  makes  it  susceptible  to  ground 
winds  and  payload  tipover  during  ground  impact.  A  recent  analytical 


1 


Figure  1.  Photograph  showing  steady  descent  of  a  payload 
airdropped  by  U.S.  Army  parachutes* 
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Figure  2*  Photograph  showing  a  U,S.  Army  vehicle  cushioned  by  paper 
honeycomb  and  mounted  on  a  platform  for  airdrop. 
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study  showed  that  an  airbag  sealed  by  a  vent  blowouc  patch  during  part  of  the 
airbag *8  con^prossion  stroke  at  ground  impact,  the  height  can  bo  reduced  so 
that  the  platform  and  the  payload  would  beco.mo  less  susceptible  to  turnover. 

7 

This  technique  was  applied  in  an  airbag  system  for  a  remote  piloted  vehicle. 
For  U.S.  Army  airdropped  payloads  of  up  to  60,000  lbs,  mounted  on  sections  of 
a  Typo  V  platform,  it  is  desirable  to  use  vent  blowout  patches  with  bursting 
air  pressures  ranging  from  1  to  20  pounds  per  square  inch  gauge  (psig).  An 
experimental  program  was  conducted  to  investigate  plastic  films  and  their 
bursting  strengths  for  airbag  vent  blowout  patch  application.  This  report 
details  the  results  of  that  investigation. 

EXPERIMEUVS 

Blowout  Patch  Materials 

A  blowout  patch  is  basically  a  pressure  relief  valve  o' 1  various  materiols 
have  been  used  for  blowout  patches.  They  include  rubber  membrane,  aluminum 
foil,  and  metal  disk.  For  U.S.  Army  airdrop,  the  material  has  to  bo  simple, 
inexpensive,  reliable  in  performance  and  with  bursting  air  pressures  as  cited 
above.  Plastic  films  wore  chosen  for  this  investigotion  mainly  because  of 
their  vurying  bursting  air  pressures  as  o  function  of  thickness,  diameter,  and 

g 

material.  Burgman  and  Calderwood  did  a  study  in  this  area,  but  their  film 
diameters  wore  too  lorge  (>12  in*)  and  their  bursting  air  pressures  were 
limited  (<10psig). 

For  the  present  investigation,  the  following  five  plastic  materials  were 
chosen : 

1.  linear  low  density  polyethylene  (PE),  2.  polyethylene  terephthalate 
(PET),  3.  oriented  polypropylene  (PP),  4.  flexible  polyvinyl  chloride  (PVC), 
and  S.  polinurethane  (PU) . 
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T}\o  stcucturo  of  polyir-erlc  RacoriAls  can  be  divided  Inco  threo  caccgorlcs: 
Oflvjrphous,  crvtscollnQ,  and  oi'icntod.  The  PE,  PET,  PP,  and  PVC  ar*  partly 

amorphous  and  partly  crystalline;  PU  is  amorphous.  PVC  and  ru  are  more 
flQXiblQ  than  PE,  PET,  and  PP. 

Based  on  the  physical  and  mechanical  properties  of  the  five  plastic  films 
and  some  preliminary  Gtross~strain  calculations,  4”-  and  6*'-  diam.  plastic 
films  wore  chosen  for  testing.  Their  thichncsscr.  arc  shown  in  Table  1. 


Table  1 

List  of  Plastic  Materials 


FILM  THICKNESS 

MATERIAL  TRADE  'AME,  TYPE  (INCH) 


LINEAR  LOW  OENSITY 

Loadmaster  E 

O.OOObi 

POLYETHYLENE 

Loadmastcr  S 

o.OQoao 

Loadmaster  H 

0.00120 

POLYETHYLENE 

Hylar^^^  Typo  A 

o.ooone 

TEREPHTHALATE 

Mylar  Typo  A 

0.00092 

ORIENTED 

AP-1 

0.00050 

POLYPROPYLENE 

AP-1 

0.00100 

AP-l 

0.00150 

FLEXIBLE 

Resinitc^*^^  PS-2t» 

0.00080 

POLYVINYL  CHLORIDE 

Resinito  PS-26 

0.00100 

Rosinitc  PS-2b 

0.00200 

Rcsinitc  PS-29 

0.00065 

POLYURETHANE 

PS  0010 

0.00100 

PS  8010 

0.00500 

PS  8010 

0.01000 
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Tect  Facility  and  Procedure 

Vent  blowout  patches  of  airbags  burst  in  a  biaxiol  manner  {as  opposed  to 
unioxlol  tensile  failure).  To  determine  the  size  and  matoriai  of  ceiccted 
plastic  filrs  os  functions  of  bursting  oir  pressure,  a  pneumatic  inflotirn 
test  system  shown  in  Figs.  3  and  A  was  constructed.  The  test  system  conslr^ts 
c£  0  high-pressure  oir  supply  lino  (S  in  Fig.  3)  that  pressurizes  a  pressure 
tost  chorbor  (E)  on  which  a  circuiar  piastic  film  (F,  blowout  patch)  is 
mounted  for  bursting  tests.  The  oir  supply  and  pressure  ore  controlled  by  on 
cn-off  volvo  (A),  Q  regulating  valve  with  a  pressure  gage  vB),  a  solenoid 
valve  (C),  ond  a  pressure  gage  (D).  The  air  pressure  inside  the  tost  chamber 
E  is  measured  by  o  ptossuto  transducer  (G)  and  recorded  by  a  strip-chart 
recorder  (I).  The  deflection  {vortical  disploccmont)  of  the  plastic  film  F  is 
moosured  by  o  video  system  consisting  of  a  video  Comoro  {J)  with  o  30 
fromos/scc  recording  speed,  o  scoio  screen  {K),  ond  o  signol  light  (L) 
connected  to  the  solenoid  volvo  C. 

The  high  pressure  test  chamber  E  is  a  <J-in  high  and  12- in  insid.*  diameter 
cylinder  made  of  0.75-in  thick  stcoi.  A  circuiar  cloirp  fram,o,  which  hoids  a 
plastic  fiim  test  sampic,  is  mounted  on  top  of  the  chamber.  The  clomp  fram.o 
consists  of  two  piotes,  with  o  circulor  opening  {4-in  to  6-in  diom.)  in  the 
center,  that  tightiy  clomp  the  plastic  flim  to  scoi  the  tost  chamber  during  a 
bursting  test. 

In  a  bursting  test,  the  circuior  plostic  film  for  testing  is  first 
carcfuiiy  mounted  in  the  ciomp  frame  on  top  of  the  odjusting  chamber  E.  Air 

pressure  of  either  25  psig  or  50  psig  is  set  by  adjusting  the  reguiating 
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A.  SHUT-OFF  VALVE 

B.  REGULATiNQ  VALVE  WITH  PRESSURE  GAUGE 

C.  SOLENOID  VALVE 

D.  PRESSURE  GAUGE 

E.  PRESSURE  VESSEL 

F.  PLASTIC  FILM  TEST  SAMPLE 

G.  PRESSURE  TRANSDUCER 

H.  DC  POWER  SUPPLY 

I.  PRESSURE  RECORDER 

J.  VIDEO  CAMERA 

K.  SCALE  SCREEN 

L.  SIGNAL-LIGHT 
S.  AIR  SUPPLY 


C  B  A 


COMPRESSED 
AIR  LINE 
(MAX.  100  PSI) 


Figure  3.  Schematic  of  set-up  for  pneumatic  bursting 
tests  of  plastic  films 
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Figure  4. 


Photographs  of  test  set-up:  a.  Overall  test  set-up. 
b.  Pneumatic  test  chamber. 
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valvQ  D.  .v^tor  tho  air  prossuro  rcoehos  the  sot  pressure  Indlcocod  by  ^hi- 

solenoid  volvo  C  Is  turned  on  to  let  the  high  pressure  olr  Into  the  tost 
chn.'rJbor  E.  Slrultoncously,  C  also  turns  on  the  signal  light  L,  indicating 
tiro  zero  on  the  scale  screen  K.  Concurrently,  the  recorder  X  records  the  air 
pressure-time  history  in  E,  and  the  video  camera  J  records  the  do fleet ion- tiro 
history  of  F  on  K.  Vhen  the  air  pressure  in  E  ultimately  roaches  the  bursting 
air  pressure,  the  plastic  film  bursts.  The  tost  is  then  completed.  To 
investigate  the  repeatability  of  the  bursting  air  pressure,  at  least  six 
identical  tests  wore  conducted  for  each  plastic  film  (Table  2). 

After  a  tost,  the  vid\  recording  of  the  deflection  is  played  back  on  a  TV 
screen  to  determine  the  deflection-time  history,  which  is  then  correlated  with 
the  pressure-time  history  to  obtain  the  pressure-deflection  profile. 

Tent  Results  and  Discussion 

Bursting  Air  Pressure 

Avprescntativ.  cka.-i'or  air  pressure  m.casurorcont5  for  the  five  plastic 
materials  during  bursting  tests  ore  shown  in  Fig.  5-9.  It  is  soon  that  air 
pressure  increases  as  compressed  air  is  being  injected  into  the  chamber  which 
is  scaled  hy  tno  plastic  film.  When  the  pressure  roaches  the  bursting  point, 
ranging  approximately  from  1  to  20  psig,  the  plastic  film  bursts  and  releases 
the  chamber  pressure.  This  is  indicated  by  the  obrupt  dccrucro  in  the  air 
pt assure.  Bursting  of  the  PE,  PET,  and  PP  films  is  distinct.  But  bursting  of 
the  flexible  PVC  and  PU  fiLms  is  not  as  distinct,  as  indicated  by  their  wavy 
pressure  profiles  before  bursting.  For  airbag  blowout  patch  application  that 
requires  rapid  bursrting,  these  flexible  films  may  not  be  suitable;  whereas 
the  less  flexible  PE,  PET,  and  PP  films  should  be  more  appropriate. 
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Figure  S.  Bursting  air  pressure  measurements  of 

4”-diam.  low  density  polyethylene  films. 
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Figure  7.  Bursting  air  pressure  measurements 
of  4*'“diam.  oriented  polyproplyene 
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Figure  9.  Bursting  air  pressure  measuretnents  of 
4"-dian).  polyurethane  films. 


Durntlno  oir  prossurcc  fron  ol)  the  te&ts  wore  detormiP'*'!  frost  pressure 
roosurcrnonts  os  shown  in  Figc.  S-9;  they  ore  presented  in  the  Appendix  oleng 
with  overage  volucs.  Averoge  bursting  oir  pressures  and  their  standard 
doviotions  of  the  five  plastic  films  ore  sunr^rited  in  Toblo  2,  It  is  soon 
that  the  PE,  PET,  ond  PP  films  provide  c  wide  range  of  bursting  oir  pressures 
from  1  to  20  psig,  o  rongo  Lhot  is  suitoble  for  U.S.  Army  airbag  application. 
All  standard  deviations  are  less  than  15\  of  the  average  voluos,  except  for 
c'fia  PF  film  (35.71).  This  high  standard  deviation  is  mostly 

duo  to  the  relatively  stiff  and  thin  S-mi  PF  films  that  occasionally  present 
sif faculties  in  applying  &n  oven  grip  by  the  two  clamp  plates. 

Ths  average  bursting  niv  pressures  of  the  throe  more  suitable  plastic 
films.  Pc,  PFT,  and  PP  (Table  2)  are  plotted  in  Fig.  10  as  a  function  of  film 
thickness.  It  is  seen  that  bursting  oir  pressure  increases  lancarly  with  film 
thickness  but  dccrcosos  with  film  diameter.  Fig.  10  sorvou  os  a  guide  in 
Pviecting  a  vent  biowout  patch  for  a  bursting  oir  pressure  ranging  from  1  to 
20  psig.  It  should  bo  noted  that  Fig.  10  should  bo  used  only  os  a  guide 
because  in  addition  to  thickness  and  diometer,  the  bursting  strength  of  a 
plastic  film  is  olso  dependent  on  the  rote  of  applying  the  oir  pressure. 

Trial  impact  bursting  tests  of  the  selected  plostic  film  mounted  on  the  oirbag 
with  a  simulated  payioad  should  be  conducted  first  to  examine  the  bursting  oir 
pressure.  Additional  tests  will  then  bo  conducted  to  refine  the  selection  to 
satisfy  the  dosarod  bursting  air  pressure. 


IS 
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Figure  iO.  K^’acurwents  of  bursting  nlr  pressure  ar.  a  function  of 

plastic  film  thickness,  diarsctpr  (^”  and  6"),  and  nateriai. 


Tabio  2 


FILM 

HATERIAL 


Avoro^o  Pjrfiflnq  Strengths  of  Plastic  Filtss 


THICiWESS 

DIAM. 

O’JRSTING 

STREHCTil 

STANDARD 

deviation 

(laan 

CINCH} 

(PSIG) 

(PSIG) 

LINEAR  LOX  DENSITY 

Q.DDOLl 

4.U 

0»84 

0.06 

POLYETHYLENE 

O.OODQO 

4.0 

1.21 

O.Qo 

O.QOlPO 

4.0 

1.71 

0.06 

POLYETIJLENE 

O.D004B 

4.0 

S.7i 

0.62 

TEREPHTHALATE 

O.DDD9li 

4.0 

16.63 

0.62 

ORIEN  ^0 

0. ODD SO 

4.0 

5.13 

1.03 

POLYPROPYLENE 

O.OOiOO 

4.0 

12.34 

1.27 

0.00150 

4.0 

20.10 

2.61 

Q. 00109 

6.0 

9.68 

0.03 

0.00150 

6.0 

12.71 

1.07 

FLE.YIBLE 

O.OOOdO 

4.0 

1.21 

0.09 

POLWINYL  CHLORIDE 

O.OOiCO 

4.0 

1.23 

O.Oi 

0.00200 

4.0 

2.37 

0.11 

O.OOQbS 

4.0 

1.04 

0.09 

P0LYURE71UNE 

0.00100 

4.0 

2.ii 

U.lb 

0.00500 

4.0 

7. Vi 

0.3i 

0.01000 

4.0 

li.U4 

0.b» 

0.01000 

b.U 

7.0i 

0.49 

Air  Prossurn  and  Film  Oofloction 


As  mentioned  earlier,  air  pressure  and  film  deflection  measurements  wore 
cerroiorod  to  obtain  air  pressure  -  film  deflection  profiles.  Typicol  profiles 
are  shown  in  Figs.  ll-*!?.  The  overall  shope  of  the  profiles  rosembior 
stress-strain  curves  of  ductile  materials.  The  loss  flexible  PE,  PET,  one  PP 
films  behove  like  a  brittle  material;  as  snovn  in  Figs.  their  profiles 

show  a  linear  behavior  until  bursting  occurs.  The  more  flexible  >VC  and  PU 
films  behave  like  a  ductile  materiel;  as  shown  in  Figs.  15  ond  lb,  their 
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profiloa  show  a  linear  behavior  first,  chon  a  dofonweion  undor  a  rolatively 
constant  air  pressure  until  bursting  ulcitnacely  occurs.  Fji9s.  10-lh  also  show 
that  as  film  thickness  increases  or  diameter  decreases,  bursting  air  pressure 
increases  as  expected. 

Conclusion 

Bursting  air  pressures  of  five  plastic  films  have  been  measured  for 
airbag  vent  blowout  patch  application.  The  measurements  show  that  circular 
films  made  of  low  density  polyethylene,  polyethylene  terephchalate ,  and 
oriented  polypropylene  are  suitable  for  this  application.  The  measurements 
provide  a  data  base  for  selecting  a  blowout  patch  having  a  bursting  air 
pressure  from  1  to  20  psig.  However,  trial  bursting  tests  of  the  selected 
blowout  patch  mounted  on  the  airbag  along  with  a  simulated  payload  should  bo 
conducted  first  to  refine  the  selection  (e.g.,  small  changes  in  film  thickness 
or  diam.ecer).  The  final  selection  should  be  based  on  the  results  of  these 
trial  drop  tests. 


This  document  reports  research  undertaken  at  thf 
US  Army  Natick  Research,  Development  and  Engineerli 
Center  and  has  been  assigned  Ho.  NATICK/TR-fo/ ^5^ 
in  the  scries  of  reports  approved  for  publication. 
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FILM  DEFLECTION  (INCH) 


Pi-guro  12.  Heasuretnents  of  chainber  air  pressure 
vs  film  deflection  for  4”-aiaiii. 
polyethylene  terephthalate  films. 
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FILM  DEFLECTION  (INCH) 


Figure  13.  Measurements  of  chamber  air  pressure  vs 
film  deflection  for  4'*-diam.  oriented 
polypropylene  films. 
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CHAMBER  AIR  PRESSURE  (psig) 


Figure  14.  Measurements  of  chamber  air  pressure  vs 
film  deflection  for  4”-  and  6"-  diam. 
oriented  polypropylene  films. 
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CHAMBER  AIR  PRESSURE  (psig) 


FILM  DEFLECTION  (INCH) 


Figure  15.  Meassurements  of  chanibcr  air  pressure  vs 
film  deflection  for  4'*-diam.  polyvinyl 
chloride  films. 
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CHAMBER  AtR  PRESSURE  (ptig) 


Figure  16.  Measurements  of  chamber  air  pressure  vs 

film  deflection  for  4"-diam.  polyurethane 
films. 


24 


CHAMBER  AIR  PRESSURE  (psig) 


Figure  17.  Measurements  of  chamber  air-pressure  vs 
film  deflection  for  4"-  ond  6“-diam. 
polyurethane  films. 
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APPEHOIX 


QURSTIHG  AIR  PRESSURES  OF  PLASTIC  FIUMS 

LinoftP  Low  Donslty  Polyothylono 

Sorplo  Thicknoss  (Inch) 


O.COOS3 

0.00080 

0.00120 

O.QO(psig) 

1.26 

1.25 

0.80 

I.2S 

1.62 

0.P8 

1.12 

1.75 

0.00 

1.26 

1.62 

0.7S 

1.16 

1.75 

0.1S 

1.20 

1.62 

0.00 

1.2S 

1.62 

0.80 

1.12 

1.75 

0.80 

1.12 

1.75 

0.7S 

1.25 

1.87 

Avorago  (pslg) 

0.84 

1.21 

1.71 

^.andard 

Deviation  (pslg) 

0.06 

0.06 

0.08 

2,  Polyothyleoo  TorephthaXato 


Soirplo  ThlcHnost  (Inch) 

0.00040  0.00002 

S.00(pslg}  10.20 

4.00  10.25 

0.25  17. SO 

7.13  19.25 

5.00  10.50 

6.00  10.00 


Average 

Qurscing  (psxg)  5.71  10.63 

Strength  _ 

Standard 

Deviation  (pslg)  0.03  0.62 
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3.  OrJltnud  Polypropylcn* 


4”-dla.*n 

Thickness  (inch)  Thickness  (inch) 

Svttple  O.OOOS  0.0010  0.0015  0.0010  0.0015 

0.75{p5i9)  15.00  32.75  9.75  12.13 

7.25  12.00  21.75  10.25  13.50 

S.OO  13.75  22.50  10.50  13.00 

(j.OO  12.75  15.00  10.25  10,75 

5.00  11.25  21.50  0.00  13.50 

4.00  12.50  23.25  10.50  10.75 

5.25  10.60  10.00  6.50  13.25 

5.50  11.00  20.00  10.25  13.50 

0.00  13.00  17.00  9.6  13.00 

5.03  11.25  19.25  9.12  13.75 

Average 

Bursting  (psig)  5.13  12.34  20.10  9.60  12.71 

Strength  _ 


Standard 

Deviation  (psig)  1.63  1.27  2.61  0.63  1.07 
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4.  PloxiblQ  Pwtlyvinyl  Chloride 


Sarplo 

Thickness 

(inch) 

(4'’-di{w) 

O.OOOQ 

0.0010 

0.0020 

0.00065 

1.2S(psig} 

1.25 

2.50 

1.00 

1.25 

1.20 

2.50 

0.88 

1.00 

1.25 

2.37 

1.12 

1.12 

1.20 

2.50 

1.12 

1.35 

1.20 

2.50 

1.00 

1.25 

1.20 

2.25 

1.00 

1.20 

1.25 

2.37 

1.00 

1.25 

1.20 

2. 25 

1.12 

1.20 

1.30 

2.25 

1.00 

1.20 

1.20 

2.25 

1.12 

Avorogo 

Surstlng  (p!:ig} 
Strength 

1.21 

1.23 

2.37 

1.04 

Standard 

Deviation  (psig) 

0.09 

0.03 

0.11 

0.08 
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5 ,  Polyurathono 


SwrplQ 

0.001 

4''-dinm 

Thickness  (inch) 

0.005  O.OlO 

6"-diam 

Thickness  (inch) 
0.010 

2.00(psig)  7.25 

11.25 

8.75 

2. 25 

7.75 

13.00 

8.25 

2.12 

7.75 

13.00 

8.00 

2.00 

7.00 

13.25 

7.50 

2.37 

7.00 

13.25 

7.50 

2.00 

6.V5 

13.00 

7.50 

1.80 

7.00 

13.75 

7.50 

2.12 

7.12 

13.00 

7.00 

2.37 

7.12 

13.75 

8.00 

2.00 

7.12 

13.00 

8.25 

Average 

Bursting  (psig) 
Strength  _ 

2.11 

7.19 

13.03 

7.83 

Standard 
Oevlotion  (psig) 

0.16 

0.31 

tP 

0.66 

0.49 

